Glyoxysomes, a form of microbody, are present in castor bean endosperm during the first 8 days of seed germination.
Glyoxysomes are a morphologically and biochemically unique component of many cells (3, 4, 12, 13) . They are a form of microbody containing enzymes of the glyoxylate cycle. Like peroxisomes and other types of microbodies, they also contain catalase and glycolic acid oxidase (4) .
Microbodies are present in castor bean endosperm throughout seed development, dormancy, and germination, but enzymes of the glyoxylate cycle do not reach maximal activity until the 4th or 5th day of seed germination (5, 12) . There is no indication from ultrastructural studies that microbodies disappear, reform, or change significantly in number, in relation to the appearance of enzymes of the glyoxylate cycle. It is assumed, therefore, that glyoxysomes are somehow evolved from microbodies by enzyme activation or by gradual replacement of existing microbodies with those of the glyoxysome type.
We have isolated microbodies, as well as glyoxysomes, from a number of seeds and have found that the glyoxysome fractions from castor bean endosperm sometimes contain a contaminating particle that is similar in size to glyoxysomes. Studies in vivo of germinating castor bean confirm that a microbody-like particle does exist in the endosperm and is most easily recognized when enzymes of the glyoxylate cycle are active. We thought initially that these new particles might be related, or equivalent, to glyoxysomes and, therefore, initiated these studies. This report describes these new particles and compares them structurally and histochemically with microbodies. Slices of endosperm were prefixed in a mixture of 2% glutaraldehyde-2 % paraformaldehyde in 0.05 M collidine buffer containing 0.06 M sucrose, pH 7.3 to 7.4 for 2 hr, cold. After prefixation, the tissues were rinsed in six 5-to 10-min changes of buffer. Unless otherwise indicated, the buffer used was 0.05 M collidine with 0.06 M sucrose, pH 7.3 to 7.4. The tissues were either postfixed (see below) or allowed to warm to room temperature in the last buffer rinse and then incubated in one of the media listed below. These procedures are variations of several histochemical methods (8, 11, 23) (2, 7, 14, 16) . Both are utilized by the embryonic axis during germination and are largely gone by the 6th day of germination ( Fig. 1) . Transformation of protein bodies is accompanied by a decreasing density of matrix material, presumably due to loss of contents through the bounding membrane. As reserve protein is utilized, the protein bodies migrate inward and fuse to become the central vacuole of the cell (Fig. 1) . These transformations take about 4 to 5 days in castor bean endosperm. Lipid vesicles do not change significantly during germination. They decrease in number and possibly in size but do not undergo any unusual transformations nor leave any residue or vacuole when they are gone. Utilization of reserve lipid is relatively slow and many lipid vesicles are still present after 8 days of germination.
Microbodies. Microbodies appear to be present in all cells of the seed throughout development, dormancy, and germination. They have the same structural characteristics as other plant and animal microbodies (1, 6, 9, 13, 15, 22, 27) in that they are bounded by a single unit membrane and are associated with the endoplasmic reticulum (Figs. 2, 3) . The endoplasmic reticulum adjacent to a microbody is always smooth-surfaced (i.e., no ribosomes are present) even if the other portions of the endoplasmic reticulum are rough-surfaced (Fig. 3 ). This area of association is usually small and, therefore, may not be visible in all sections. Nonetheless, it is so consistent that it can be used as a morphological marker for microbodies. We have never seen direct membrane continuity between endoplasmic reticulum and microbodies in these seeds, or in any of the plant tissues that we have studied, although such associations undoubtedly also exist (9).
Microbodies do not change significantly in size or intracellular associations during germination though they do change markedly in internal form. Most microbodies in castor bean endosperm contain a crystalline core (Fig. 2) until about the 4th day of germination. After 4 days the crystalline core degenerates; first to a dense amorphous substance (Fig. 3) and then disappears entirely. The transformation and loss of crystalline matrix is usually complete after about 7 to 8 days of germination, although this varies somewhat depending upon the conditions of germination. The other structural features of the microbodies remain without significant change, at least through 8 days of germination.
Appearance of Other Cytosomes. After 3 to 4 days of germination, a cytosome is present in most, if not all, cells of the castor bean endosperm which are of the same size range as microbodies but which are clearly not microbodies (Figs. 1, 3, 5 ). For simplicity, these bodies are called ricinosomes to differentiate them from the microbodies and to emphasize their uniqueness to castor bean. Ricinosomes are approximately spherical in form and about 0.4 A in diameter, and are bounded by a single membrane of the "unit" type. Their matrix material is uniformly amorphous but slightly less dense than that of the microbodies (Fig. 3) . Ricinosomes differ from microbodies in three major respects: (a) They do not appear to be associated with the endoplasmic reticulum, Labeling Experiments. A relatively specific label for peroxidatic activity was obtained throughout most of the tissues studied and no problem of penetration was encountered. Spherical to elongate bodies, identifiable as microbodies, were stained in all cells of the castor bean endopserm at any stage of germination from 3 to 8 days (note: earlier stages were not assayed for catalase) (Figs.  4, 5) . The density of stain was uniform throughout each microbody with no obvious discontinuity due to the crystalline or amorphous core (Figs. 4, 5) . Some cisternae and small vesicles of dictyosomes were also stained, but the other cellular constituents were not noticeably labeled.
Simultaneous incubation in DAB media plus inhibitor reduced, but did not eliminate, the amount of label in the microbodies and the dictyosome cisternae. Preincubation with inhibitor solution eliminated almost all of the stain from microbodies as well as from dictyosome cisternae.
Incubation of tissues in the DAB medium at high pH gave results essentially the same as that at low pH except that some mitochondrial cristae were also stained. The mitochondrial stains were restricted to the membranes and none was present in the intracristal spaces. None of the procedures used were effective in labeling ricinosomes (see Fig. 5 ).
DISCUSSION
Microbodies are easy to identify morphologically because of their characteristic form and endoplasmic reticulum association (22) . They appear to be a feature of all seeds throughout development, dormancy, and germination.
Peroxidatic activity was demonstrated in microbodies of castor bean endosperm by the same procedures used to label liver microbodies (8, 23) . In castor bean endosperm, reaction product is distributed throughout the microbody matrix and, therefore, is not a unique characteristic of the crystalline or amorphous regions of the microbodies. This is in agreement with observations on animal tissue microbodies (8) which show that catalase is a component of the matrix material as well as the crystalline or dense portions of the microbody. However, these results are in contrast to the observations of Vigil (26) that peroxidatic activity in germinating castor bean seeds is a component of the crystalline core. We feel that localization of activity to the crystal may be due to inadequate fixation and loss of enzymes from the noncrystalline portions of the matrix material. It has been our experience that loss of matrix material (but not of the globoid or crystalline material) occurs in many kinds of protein bodies if the FIG. 2. Section from castor bean endosperm after the seed had been germinating for 3 days. At this developmental stage, most microbodies contain a clearly defined crystalline core located within the microbody matrix. As in other microbodies, a portion of smooth endoplasmic reticulum is associated with the outer surface of the microbody membrane (see arrow). L: Lipid vesicle. X 50,000.
FIG. 3 . Ricinosomes are clearly visible in the endosperm cytoplasm after the seed has been germinating 4 to 6 days (see arrow). They are usually spherical in form and are bounded by a rough-surfaced membrane, the particles of which are similar in staining and size to ribosomes. The matrix substance of ricinosomes is always uniformly dense and may be separated slightly from the bounding membrane (see Fig. 5 ). Ricinosomes do not seem to be associated with the endoplasmic reticulum at this stage of development. Microbodies (MB) are also present in the endosperm at this time and occupy about the same cytoplasmic volume as ricinosomes. Microbodies are usually elongate in form and are almost always associated with the endoplasmic reticulum. During germination they gradually lose their crystalline core which becomes amorphous (as illustrated here) and disappears by about 7 to 8 days of seed germination. The matrix substance of microbodies is always continuous to the bounding membrane. L: Lipid vesicle, M: mitochondrion. This micrograph is from a seed that has been germinated for 6 days. X 50,000.
FIG. 4 Better fixative penetration is also achieved when paraformaldehyde is used with glutaraldehyde than when glutaraldehyde is used alone.) The presence of catalase in the microbodies of castor bean endosperm suggests that these bodies belong to the same general category of cellular organelles as the peroxisomes of de Duve and Baudhuin (6) . Preliminary attempts to isolate and identify ricinosomes have not been successful primarily because it is difficult to recognize them after isolation and no biochemical data are available to assay for them. However, freeze-etch preparations of isolated castor bean glyoxysomes show that these fractions often contain at least two kinds of bodies, one bounded by a smooth membrane and one bounded by a rough membrane. It is possible that the roughsurfaced bodies are the ricinosomes illustrated here which may be present in the glyoxysome preparation as a contaminant. If this is true, and if the rough particles on the surface of the ricinosomes are ribosomes, then this could account for the high concentrations of RNA in the glyoxysome fractions reported by Gerhardt and Beevers (10) .
Ricinosomes have not been found in soybean (Glycine max L.), peanut (Arachis hypogea L.), bean (Phaseolus vulgaris), pumpkin (Cucurbita pepo), watermelon (Citrullus vulgaris), squash (Cucurbita moschata), and pea (Pisum sativum) cotyledons at any developmental stage between 3 and 6 days after the onset of germination. Since many of these seeds contain enzymes of the glyoxylate cycle (5), it is not possible to equate ricinosomes with glyoxysomes.
The structure of the ricinosomes suggests that they are a form of protein body elaborated by portions of rough endoplasmic reticulum during early stages of germination. However, at the time they are most clearly visible, the endoplasmic reticulum does not appear to be in continuity with them. Furthermore, the contents are not crystalline at any of the developmental stages studied as is sometimes seen with other proteins segregated in the lumen of rough endoplasmic reticulum. The developmental pattern and over-all structure of ricinosomes are probably not related to the storage bodies of reserve protein (protein bodies or aleurone grains) common to most seeds. The latter are bounded by a smooth membrane and are formed and utilized at different developmental times than ricinosomes. Nevertheless, we do not rule out the possibility that ricinosomes may be sites of storage for protein, or protein complex, peculiar to castor bean. Castor beans contain a unique protein called ricin (17, 24, 25) , which is present to some extent in all portions of the plant (17) . So far as we can determine, nothing has been published regarding the intracellular location of ricin even though it may be present in relatively large amounts in some tissues.
The only other plant tissues in which we have found bodies that somewhat resemble ricinosomes are those from tissue cultures of cycad (Cycas circinalis L.) seed. The major difference between the two kinds of cytosomes is that those in cycad are usually (but not always) crystalline in form. It is of some interest, however, that cycad seed, like castor bean seed, is toxic and is the cause of much distress and even death to animals that graze upon it (18, 20, 28) . Though cycad seed is commonly used for food, it first must be detoxified by soaking and extraction in water (28) .
We can conclude that ricinosomes are a cell component unique to castor bean but are not cytosomes of the microbody type. In contrast to microbodies, they are free of peroxidative activity and 798 Plant Physiol. Vol. 46, 1970 
